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Peripheral Vestibular System 
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Otolith Organs : 

Sensitive to linear motion 
(and gravity) 


Semi-circular canals : 
Sensitive to rotational motion 



Hair Ceil Anatomy 


Otolith Physiology 
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Fi«. 3-9. A: Presumed mechanical linkages lieiween l ht- macula! epithelial cells and overlying 
sintciurva. h: Elementary mechanical analogy, r . Lanear accsk/rarion or head relative to 
space; y . acceleration ol otocc-un relative to space; c. relative displacement of otoconia and 
macula: />,. position of end organ at commencement of acceleration : . position after time/. 


Benson, 1982 
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CONTROL FUNCTION 
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Fig. 1. Scope of the MIT/Canadian Spacelab 1 experiments, by experiment short name, relative to a schematic representation of the role of 
the vestibular and other senses in control of posture, eye movements and perception of orientation. Experiment short names arc keyed to 
Table 1 


Young et al., Exp Brain Res, 1986 
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During Space Flight Postural Muscles can 
be Activated with Foot Pressure 




Postural Stability 
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Human Sensory-Motor Balance Control 
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Fig. - Posture control with eyes dosed, showing marked decrement* immediately after flight tor standing on i '.'em rail or responding loan un- 
expected tot-lip till c: » posture platform 16}. in tm nukliflerl xburjvncd Komi *<rrg test nte.ivured caul time standing on r nil tax inc best truer ot' 
live i-inittute iriais. lit |p*. filtered EMC- activity htrbitn:r> units' from the tibinli? anterior muscle of one subject duntt*: tlu lino eves-closcd 5* 
i«H -ur till slum s, lor K - 0. increased mr.enituile and duration c:f the kite response. The drop in magnitude below the preflight value was seen tor 
K * 0 but not lor the other three ntoyecis. 


Young et al., Science, 1984 
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Hip Response to Support Surface Translations 
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Adaptive Neural Control of Upright Stance 



Adaptive Posture Control Model 
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Typical Astronaut Performance 
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Paloski, ct al., 1997 


Raw Sway Data From SOT 6 

(n = 45 sub jeefej 
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Post flight Sway Data from SOT 6 
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Landing Day Performance 
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Risk of Ataxia Following Space Flight 
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Bioastronautics Risk Mitigation Effectiveness 
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Data Analysis 


Statistical Model for EQ Scores: The normalized latent EQ scores (scale of 0 to 1 ) for 
each SOT are modeled as Beta distributions:;*-' B(p. q). The density of;* is: 
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Fall Model : The conditional probability of a fall given latent EQ score is modeled as: 


P(faII [;*) = G(y) = (1 ~y) r or 


P(faII) = 


r(p + g)r(r + q) 

T(q)T(r + p + q) 


where p. q and /-depend on independent variables (mission duration and time after landing): 


logr = C 5 + C 6 
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where 5 = 0 preflight; 1 postflight, dur= mission duration (days), t = time after landing 
(days) for postflight only, and C 7 are coefficients estimated from the data 
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Performance Distributions Following 180-day Missions 
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According to the NIH: 

• There are more than 30,000,000 people over age 65 in 
the U.S. (Bureau of Census, 1992) 

• Vestibular disorders account for 20-25% of falls in 
the elderly that lead to hospitalization (Brockelhurstet 
ah, 1991) 

• Of the elderly people hospitalized because of falls 
(over 200,000 per year with hip fracture alone), 40% 
die within one year (Rubenstein, 1983) 
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Risk of Falling in Normative Population 

(SOT 6 data from Peterka and Black, 1 990) 




SOT 6 Performance: EO 
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Option 1 : Linear AG 

Constant acceleration during the first half of a trip to Mars 
Constant deceleration during the last half of a trip to Mars 
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• Fuel requirements 

• New propulsion systems 

• Surface activities and 
operations 


Option 2: Rotational AG 
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Achieved by: 

1 ) rotating entire vehicle during transit 
or 

2) providing human centrifuge within 
vehicle 
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Kubrick, 1968 


Physics and Physiology 
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Physics and Physiology 



Objectives 

1 . Discuss the role of gravity in spatial 
orientation and balance control. 

2. Review the anatomy and physiology of 
the neuro- vestibular system. 

3. Examine the disruption and recovery of 
sensory-motor function following space 
flight. 
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Fig. 1 . Scope of the MIT/Canadian Spacclab 1 experiments, by experiment short name, relative to a schematic representation of the role of 
the vestibular and other senses in control of posture, eve movements and perception of orientation. Experiment short names arc keyed to 
Tabic 1 


Young eta!., Exp Brain Res, 1986 



Insertion into orbit removes 
the fundamental CNS spatial 
reference and triggers neuro- 
adaptive processes that 
optimize performance for the 
microgravity environment. 


Return to Earth 
reintroduces this reference 
and triggers neuro- 
adaptive processes that 
return performance to 
terrestrial norms. 


Adaptive Neural Control of Upright Stance 
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Forward work to facilitate the next steps in 
human exploration of space. . . 

• Identify sites and mechanisms of sensory-motor adaptation. 

• Determine interactions between sensory-motor adaptation, 
autonomic system function, and musculo-skeletal function. 

• Assess functional risk of sensory-motor adaptation to the 
success of future missions. 

• Develop adequate countermeasures to mitigate the untoward 
functional risks. 



Ground-based venues are unlikely to serve as adequate analogs. 
Space -based experiment platforms will be required, possibly 
including animal and human centrifuges to provide artificial gravity. 




